We study the recently found anomalies in B-meson decays within a scenario with a warped extra dimension where the Standard Model (SM) fermions are propagating in the bulk. The anomalies are then interpreted as the result of the exchange of heavy vector resonances with electroweak (EW) quantum numbers. The model naturally leads to leptonflavor universality (LFU) violation when different flavor fermions are differently localized along the extra dimension, signaling a different degree of compositeness in the dual holographic theory.
Introduction
Recent results found by the LHCb collaboration in B-meson decays seem to point towards the existence of new physics (NP) beyond the Standard Model (SM). This collaboration has determined the ratio for B(B → K ( * ) ) with ( = e, µ), for muons over electrons, yielding a deviation of ∼ 2.6σ with respect to the SM prediction [1] . Similar anomalies have been found by the Babar, Belle and LHCb collaborations in the decayB → D ( * ) −ν , leading to a combined deviation of ∼ 4σ [2] [3] [4] . These phenomena suggest LFU violation in the processes b → s ( = e, µ) and b → c ν ( = e, µ, τ), respectively.
One may ask what are the natural theories whose direct detection is hidden from the actual experiments, but that can accommodate possible explanations of existing anomalies. These theories should solve, at the same time, some theoretical issues of the SM of particle physics, like the Higgs Hierarchy Problem. There are two main ultraviolet (UV) completions of the SM which can solve this problem: i) supersymmetry, and ii) extra dimensions. In this work we are focusing on the latter set of theories, one of the most popular realizations being the Randall-Sundrum (RS) model [5] , characterized by a warped extra dimension, by which the Planck scale is warped down to the TeV scale. Simple modifications of the RS set-up with a strong deformation of the AdS metric towards the infrared (IR) have been proposed, which allow to keep under control the corrections to the EW precision parameters [6] [7] [8] [9] . These models also allow the possibility that the SM is part of a nearlyconformal sector [10, 11] . In this work we will study the LFU violation, and try to accommodate the recent data on flavor anomalies, within this scenario.
Benchmark model
We consider a scenario analogous to the usual RS setup [5] . Theories with a warped geometry are characterized by a 5D metric ds 2 = e −2A(y) η µν dx µ dx ν +dy 2 , where y is the extra dimension, and two branes located at the UV (y = 0) and IR (y = y 1 ). corresponds to a dilaton-gravity system
where V α (α = 0, 1) are the UV and IR 4D brane potentials at (y(φ 0 ), y(φ 1 )) respectively, and M is the 5D Planck scale. The brane dynamics should fix (φ 0 , φ 1 ) to get A(φ 1 ) − A(φ 0 ) ≈ 35 in order to solve the Hierarchy Problem, as this implies M Planck 10 15 M KK . This theory is characterized by the superpotential
where a and b are real parameters, and k is related to the curvature along the extra dimension. The relation between the scalar potential and the superpotential is
In the following we will consider a = 0.15 and b = 2, see e.g. Refs. [12, 13] 18 GeV, such that ML 1 1.24 which guarantees perturbativity in the 5D gravitational theory.
Gauge bosons
In order to introduce the EW sector in the theory, the model can be extended with gauge bosons. The action of the model is then S = S φ + S 5 with [7] 
where we have defined the 5D SU(2)
y) with i = 1, 2, 3 and M = (µ, 5), and the Higgs field H(x, y). Then EW symmetry breaking is triggered on the IR brane.
The gauge fields can be decomposed in KK modes as
X is the wave function of the n-KK mode in the extra dimension. Each mode satisfies a Schrödinger-like equation with a mass m 4πv, so that the mass of the first KK mode must not exceed a few TeV to avoid the so-called Little Hierarchy Problem between both scales. In the following we will consider m
Fermions
The model can be extended with fermions f L,R (quarks and leptons) which propagate in the bulk of the extra dimension. Then the SM fermions correspond to the zero mode wave functions
which are characterized by constants c f L,R associated to a 5D Dirac mass:
The location of the zero modes depends on the value of c f L,R , so that when c f L,R < 0.5 (c f L,R > 0.5) fermions are localized towards the IR (UV) brane, and they can be interpreted as partly composite (almost elementary) in the dual theory. Then the Yukawa interactions with the Higgs are induced by the Lagrangian
with i, j = 1, 2, 3 labeling the generations of fermions, andŶ
being the 5D Yukawa couplings. A key ingredient of the model that will explain the anomalies, is the interaction of the KK modes of gauge bosons (X = Z, γ) with leptons. This interaction reads
with f = e, µ, τ, and G
where f (y) is the profile of the corresponding fermion zero-mode, as given by Eq. (4). As one can see in Fig strongly (weakly) with KK modes. As we will see below, LFU violation will be generated by a different degree of compositeness for different lepton flavors, i.e. different values of the parameters c L,R ( = e, µ, τ).
Electroweak observables
One of the most constraining observables is the Z boson coupling to SM fermions f L,R . This coupling is modified by two effects: i) contribution of vector KK modes, and ii) contribution from the fermion KK excitations. These effects are induced by the diagrams of Fig. 2 . When computing δg f L,R for f = e, µ, τ and b, we
implies the mild constraint c f L −0.5. In addition, one can see from Fig. 1 that the coupling of EW and strong KK gauge bosons to a fermion f with c f = 0.5 vanishes. Therefore if we assume c f 0.5 for the first generation quarks ( f = u, d), it follows that Drell-Yan production of gauge bosons from light quarks is greatly suppressed.
The B anomalies
Flavor observables provide excellent probes for beyond SM physics. In particular B-meson decays due to the transitions b → s + − and b → cτν can be tested with a high accuracy at the LHCb, BaBar and Belle, leading recently to a significant deviation with respect to the SM predictions. In this section we will check if the explanation of this effect within the model presented above is consistent with all EW and flavor observables.
LHCb measurements of branching ratios B(B → K ), = e, µ lead to [1] R K ≡ R 
which implies a deviation of ∼ 2.6σ with respect to the SM prediction R SM K = 1.0003(1) [15] . A similar result has been found recently for the ratio R * K ≡ B(B →K * µµ)/B(B →K * ee) [16] . These anomalies can be interpreted in terms of ∆F = 1 operators
where the sum includes the semileptonic operators
and Wilson coefficients C i = C to the NP contributions to the Wilson coefficients
with the couplings g 
The region allowed by the global fits to the ∆C
Wilson coefficients is qualitatively different for r < 1 and r > 1 cases. We show both cases in Fig. 4 where the left (right) panel is for r = 0.75 [13] (r = 2.3 [19] ) and we have fixed c e L = 0.5. In both plots the white region in the plane (c b L , c µ L ) is allowed by data at the 95% CL. As we can see from these plots b L is composite for both cases while µ L is composite (elementary) for the r < 1 (r > 1) case.
A similar analysis can be done for the rare flavorchanging neutral current decay B s → µ + µ − , which has been recently observed by the LHCb Collaboration with a branching fraction B(B s → µ + µ − ) = (2.8
+0.7
−0.6 ) × 10 −9 [20] . This measurement is quite consistent with the SM prediction B(
+0.197
−0.171 leads at 1σ to an allowed region consistent with the one provided by R K ( * ) .
The R D ( * ) anomaly
The B-meson decays due to the transition b → c −ν are being tested as well at b-factories and at the LHC, as they can be affected also by LFU violation. In particular the charged current decaysB → D ( * ) −ν have been studied by the BaBar [2] , LHCb [3] and Belle [4] collaborations. They measure the ratio
with the experimental result R 
terms of the Wilson coefficients
. The regions allowed by R D ( * ) data are displayed in Fig. 6 for r = 0.75 [13] (left panel) and r = 2.3 [19] (right panel). We find that in both cases b L and τ L fermions are localized towards the IR and thus show an important degree of compositeness although they are more composite for the case r < 1.
Constraints
The main constraints are those from the experimental value of the coupling g Z τ L
and LFU tests, as e.g. τ → µνν vs. µ → eνν, as well as constraints from flavor physics.
The coupling Zττ
The SM value of g 
,
while g Z τ L = −0.26930(58) [24] , and Y t is the 4D top Yukawa coupling.
Lepton universality tests
The value of R D ( * ) has also to agree with flavor universality tests in τ → µνν decays which are encoded in
with 95% CL constraint R 
Flavor observables
New physics contributions to ∆F = 2 processes come from the exchange of KK gluon modes. After integrating out the massive KK gluons, this gives rise to the following dimension six operator [12, 13] 
where
and similar expressions for operators LL and RR, and for up quarks. The strongest current bounds for dtype quarks come from the operators (
, which contribute to the observables ∆m K and K , while for u-type quarks they come from the op- 
Combined results
The previous constraints put very strong bounds on the available values of the parameters in the plane (c b L , c τ L ) as we show in Fig. 7 , where the blue region is forbidden by R D ( * ) , the red region is forbidden by is outside the range of the plot.
Conclusions
We have studied the compatibility of LFU violation data measured by the LHCb, BaBar and Belle collaborations, mainly in the observables R K ( * ) and R D ( * ) which appear to depart from the SM predictions, as well as all electroweak and flavor observables and universality tests as e.g. τ → µνν, in a model where the Higgs hierarchy problem is naturally solved by means of a warped extra dimension. We have found that the relevant variables are the set (r, c b L , c τ L ), where the parameter r was defined as eters is given by the range: 2.2 < r < 2.8, 0.14 < c b L < 0.28, 0.265 < c τ L < 0.33, while the first and second generation of quarks and leptons are elementary. These results are in good qualitative agreement with the hierarchy of quarks and charged lepton masses. The remaining LFU violation is the anomalous magnetic moment of the muon, which deviates from the SM by ∼ 3.6σ. In the context of warped theories, a solution was presented in Ref. [27] where heavy vector-like leptons were introduced. Finally our model predicts, for any value of the parameters, the absolute ranges at 95% CL for the branching ratios of B → K ( * ) νν as [19] 
